A field survey for insects associated with amaranth Amaranthus hypocondriacus L. (Amaranthaceae) was conducted in the semiarid Region Mixteca of Puebla State in Mexico. Also, the losses to the crop caused by the phytophagous species were assessed. Samples were collected every fifteen days during one year in five plots to obtain a representation of the phytophagous and beneficial insects, and of the percentages of plants infested with the principal phytophagous insects. The species that were observed causing considerable damage to the crop were Hypolixus truncatulus Fab. (Coleoptera: Curculionidae), Spodoptera exigua (Hübner) (Lepidoptera: Noctuidae), Pholisora catullus (Fab.) (Lepidoptera: Hesperiidae) and Phyllophaga ilhuicaminai Morón (Coleoptera: Melolonthidae). Borers infested 92% of the crop, while the white grubs group 45%. Yield losses by general insects without pest control program were 65.5%. Foliage and soil insects reduced the yield to 44.2 and 39.1%, respectively . This is the first report of quantification of losses due to pest insects in the amaranth crop.
INTRODUCTION
Several species of the genus Amaranthus (Amaranthaceae) are recognized in Asia, Mesoamerica, and South America as a food crop that can be used as a vegetable or as a seed grain. Moreover, its cultivation has been extended to the United States of America, Caribbean islands, Europe and Africa (Becket et al., 1992; Clarke-Harris and Fleischer, 2003; Gimplinger et al., 2008) . Amaranth can be cultivated in arid zones where other commercial crops cannot be grown; the seeds, besides their well-known nutritive characteristics, *Corresponding author. E-mail: jesus.lopez@correo.buap.mx or olguin33@hotmail.com. Tel/Fax: 7348. could be a source of phenolic compounds of high antioxidant properties (Barba de la Rosa et al., 2009 ). The amaranth grain provides an ideal amino acid composition for human nutrition. Moreover, the high content of Lysine, Arginine and Histidine makes amaranth seeds a good dietary supplement for treating child malnutrition (Gimplinger et al., 2008) . The grains of amaranth could be considered either as cereals or legume, due to the fact that they contain more than 15% protein in dry base, which is complemented with the sulphurous amino acids and the lysine they contain (Downton, 1973; Becket et al., 1992; Gorinstein et al., 1999) .
Historically, the seeds of amaranth Amaranthus hypocondriacus L. played a very important part in the diet of Mesoamerican cultures (López-Munguía et al., 1994) . In the Mexican prehispanic period, amaranth was one of the most important crops for the Aztecs, who produced approximately 20 thousand tons annually (Trinidad et al., 1990) . Later, the Spanish conquerors prohibited its cultivation, because the indigenous Mexicans used it as an offering to their gods in their religious ceremonies. In the XVI century, it was cultivated from the west of the country (Jalisco) to the east (Oaxaca), but despite its importance and the resistance of the indigenous people, its cultivation was reduced drastically during the XVII and XVIII centuries. Its production nearly disappeared and was reduced to small agricultural areas. In the sixties there were few states dedicated to the production of amaranth; however, in recent times its production has increased considerably.
With the increase in amaranth production, more studies have been conducted in order to evaluate the insect complex associated with this crop. In the 1980s, some isolated reports were carried out regarding insect species that were found to cause damage to the crop. Espitia (1990) mentioned five species of insects that cause important damage to amaranth in the Central Plateau of México:
Lixus truncatulus Fab.
(Coleoptera: Curculionidae), Disonycha melanocephala Jacoby (Coleoptera: Chrysomelidae), Lygus lineolaris P. de Beauvois (Hemiptera: Miridae), the "green worm" (Lepidoptera, unidentified) and a "black aphid" (Homoptera: Aphididae, unidentified).
Later, Aragón et al. (1997) in a study located in the Valley of Tehuacán, Puebla, noticed that the species that cause damage to the amaranth crop could be classified into three groups: the stem borers, the leaf eaters and the root pests. Among them the most important species belonging to the borer complex were: L. truncatulus (Coleoptera: Curculionidae) and Amauromyza abnormalis Malloch (Diptera: Agromyzidae); the insects that damage the foliage and the panicle (leaf eaters) were Spodoptera exigua (Hübner) (Lepidoptera: Noctuidae), Pholisora catullus (Lepidoptera: Hesperiidae), the "grasshopper" Sphenarium sp. (Orthoptera: Acrididae), the "aphid" Macrosiphum sp. (Hemiptera: Aphidae), the "jumping flea" D. melanocephala (Coleoptera: Chrysomelidae) and the ant Atta mexicana (Smith); and the "white grub" Phyllophaga cuicateca Morón and Aragón (Coleoptera: Melolonthidae), which damages the root system. Torres-Saldaña et al. (2004) reported the presence of Hypolixus truncatulus (Fab.) (Coleoptera: Curculionidae) and A. abnormalis causing damage to the stems of A. hypochondriacus in Tulyehualco, Federal District, Mexico.
Although there is now a list of the insect complex associated with the crop in Mexico, the losses caused by them are unknown. Therefore, the aim of this study was to construct and update the list of insects associated with amaranth, as well as to estimate the yield and economical losses caused by each group of pests proposed by García et al. 5925 Aragon et al. (1997) for this important crop.
MATERIALS AND METHODS
For the diagnostic investigation in the Region Mixteca in Puebla State, and during the 2008 and 2009 agricultural cycles, five plots were selected, in which amaranth was transplanted according to the regional agricultural practices for this crop, which consisted in tilling, harrowing, plowing, transplanting, applying organic fertilizer, first hoeing, second hoeing and threshing or harvesting. No insecticides or fungicides were applied in the plots under study. These plots were located in the Mixteca Region in Puebla, Mexico ( in the most elevated parts of the region of Zapotitlán Salinas (higher than 1600 m altitude), the climate becomes temperate with mean annual temperatures that vary from 12 to 18°C, with rainfall that varies from 200 to 1500 mm, approaching the west the precipitation decreases to 600 mm; towards the Valley of Tehuacán, the climate is dry warm with annual rainfall of less than 500 mm and a mean temperature of 20°C. The plots were located in the lands of cooperating producers, and their size varied from 550 to 860 m 2 , according to the surface that each producer assigned to the crop. For each plot a field diagram was made, in which the bundles of amaranth were located, each bundle with a number of amaranth plants between two and four.
After the date of transplanting (June) and until harvest (November), samplings were made every 15 days in each one of the plots. The samplings were carried out in 20 randomly selected plants of each plot, locating them in the corresponding field diagram, and in each sampling different bundles were selected. In each selected bundle, the insects present on each plant were collected with the help of an entomological aspirator, which were deposited in polyethylene bags labelled with the following information: collection date, number of bundle and location of collection; in addition, the part of the plant of which the insects were found was recorded.
The flying insects were collected using a sweeping net. Fifty sweeps with a sweep net were conducted on the plants inside each plot, leaving ten meters on each side to reduce the risk of capture non-amaranth insects. Sampling of root feeders were made by removing all of the area near the root, with a volume of 30 × 30 × 30 cm. The insects present were collected and deposited in Petri dishes with soil and part of the root in order to obtain adults. To obtain insect borers, plant stems with signs of boring damage were opened in situ. The plants with insect immature stages were transported in pots to cages of white cloth, which were stored in the Entomology Laboratory in order to allow continuation of their development until the adults' stage was reached.
Immature leaf eating stages were grown in captivity providing them leaves of amaranth as food and also with a modified artificial diet proposed by Mihm (1984) for the corn borer Spodoptera frugiperda Smith (Burton and Perkins, 1989) . The collected insects were identified by different specialists of the Colegio de Postgraduados of Montecillos, State of México, and of the Instituto de Ecología A.C., Xalapa, Veracruz, México. All collected specimens were deposited at the Entomological Collection of the Instituto de Ciencias of the Benemérita Universidad Autónoma de Puebla.
To estimate the losses caused by amaranth pests, an experiment was conducted in 2008 from June to November, covering all of the plant cycle. The plot in which the experiment was established was selected based on its agroecological representativity with respect to the agricultural conditions in the zone. The treatments established were: 1. Total control of pests in the root and foliage; 2. Control of pests that damage the root; 3. Control of foliage pests; and 4. Control (without pest control). The control of pests that damage roots was carried out by applying granulated Furadan 5 G (carbofuran insecticide) in doses of 25 kg ha -1 at the moment of transplanting and the control of foliage pests was carried out 10 days after transplanting, applying 1.0 kg ha -1 of Sevin 80 WP (carbaryl insecticide) and afterwards every 15 days, during the entire development of the plant.
The effect of the treatments was evaluated by using a complete randomized blocks design with four replicates, obtaining a total of 16 experimental units. Each experimental unit consisted of an area of 56 m 2 , in which 56 bundles of plants of amaranth were transplanted; each bundle with four plants of 10 cm height and one meter between bunches. The data were obtained from the 12 central bundles, the experimental units were two meters apart from each other and the total size of the experimental plot was 1440 m 2 .
The agricultural tasks carried out prior to transplanting the amaranth were as follows: tilling, harrowing and furrowing, then transplanting was made and at 10 days thinning was done, leaving three plants per bunch. The agricultural tasks that followed were applying organic fertilizer, first hoeing, weeding, harvesting, and drying and cleaning of the seed. Worm compost was applied as fertilizer in doses of 200 g per bunch. All of the agricultural tasks were carried out homogeneously for all of the experimental units.
The parameter evaluated was the production of amaranth grain per useful plot, which was extrapolated to kilograms per hectare. To determine if there was any difference among the effect of the treatments, data were subjected to an analysis of variance, followed by the Tukey multiple range test ( =0.05). Losses caused by the phytophagous insect complex were obtained by calculating the difference between the means of grain production in plots under total pest control minus plots without pest control. Losses due to phytophagous insects were adjusted to the production that would be obtained in the absence of damage by insects (mean of grain production in plots under total pest control). The losses caused by root and foliage pests were calculated in kg ha -1 and percentage.
Yield loss value was determined considering the price of amaranth at the moment of harvest. At the same time, the cost of the chemical control of pests in each treatment was obtained. The economic relevance of each insect pest was determined by comparing the amount of loss per insect. The cost of the chemical pest control, referred to one hectare, was calculated based on the cost of product used (Carbofuran or Carbaryl insecticide) plus the labour cost.
RESULTS
During the research 3,414 insect specimens were collected. Among them, 49 genera and 52 species were identified. Those specimens were grouped into seven orders and 29 families ( Table 1) . The damaging species can be classified into three large groups: the stem borers, the leaf eaters and the root pests. The stem borers group is among the most important pests, and is apparently comprised of at least five species, of which it has been possible to identify the four most abundant, two of them to the species level, A. abnormalis, H. truncatulus; and the others to the genus level, Trichobaris sp. and Pantomorus sp. (Coleoptera: Curculionidae). The infestations caused by this complex reached up to 92%, focusing the damage at the base of the stem near the root, in the stems and in the panicle; the damages appear in the form of galleries.
Among the insects that damage the foliage and the panicle, we found the beet armyworm S. exigua infested 64% of the plants and P. catullus infested 57%. We also found: the "grasshopper" Sphenarium purpurascens Charp. (Orthoptera: Acrididae); the "aphid" Macrosiphum sp.;
the "jumping flea" D. melanocephala, Herpetogramma bipunctalis (Fab.) (Lepidoptera: Pyralidae), Epicauta sp. (Coleoptera: Meloidae), and Piesma cinerea Say. (Hemiptera: Piesmatidae). In the foliage, the presence of the ant A. mexicana was also detected, as well as the ants Pogonomyrmex barbatus (Smith) (Hymenoptera: Formicidae) and Solenopsis geminata (Fab.) (Hymenoptera: Formicidae), which were observed carrying amaranth seeds.
The damages in the root system are attributed above all to the "white grubs" group with an infestation of 45% of the plants. The most abundant species were P. cuicateca, Phyllophaga ravida (Blanchard), Phyllophaga obsoleta (Blanchard) and Phyllophaga ilhuicaminai (Coleoptera: Melolonthidae), although there are also at least three other species of white grubs of the genera Phyllophaga, Anomala and Diplotaxis. Collected insects considered beneficial to pest control, due to the fact that they have been reported as generalist or non specialized predators or parasitoids, we found: the "ladybug" Hippodamia convergens (Guérin-Méneville) (Coleoptera: Coccinellidae), a tachinid fly belonging to the genus Voria (Diptera: Tachinidae) and several species of Chrysopa (Neuroptera: Chrysopidae). The months in which the largest number of natural enemies was collected were September and October.
With respect to the results of the experiment for the estimation of losses, the ANOVA showed significant effect of the treatments (F = 30.02; df = 3, 9; p = 0.0001) on grain production. Through the Tukey test ( = 0.05), it resulted that the mean of production of the total control of pests was significantly different from the means of the treatments consisting of control of soil pests and foliage pests (HSD= 211.89 kg); these two had means with no significant statistical difference. On the other hand, the means of the three treatments where pest control measures were applied were significantly different from the control treatment (without pest control) ( Table 2) .
The three pests groups together caused a loss of 657.1 kg ha -1 , equivalent to 65.5% of the yield, while the foliage and soil pests reduced yield by 44.2 and 39.1%, respectively (Table 2) .
DISCUSSION
The number of species collected shows the wide diversity of insects associated with the amaranth crop for the zone hypocondriacus in Tulyehualco, México, although the number of larvae and percentage of stem tunneling damage did not affect grain yield and biomass production. This work confirms the presence of the insect species previously reported as pests of amaranth (Aragón et al., 1997; Aragón and López-Olguín, 2001) and it is the first record of the occurrence of Trichobaris sp., P. ilhuicaminai, and S. purpurrascens causing important damage to plants. This is the first report of quantification of losses for pest insects in the amaranth crop. Considering that the value of the loss is notably higher than the costs of the pest chemical control, it is concluded that the pests of amaranth, both of foliage and of the soil, cause losses of economic importance in the crops of Puebla, México. The development of future researches to establish integrated pest management strategies in this crop are suggested by these results.
Conclusions
Thirty-four insect species associated with the amaranth crop were determined; of these, the species with the major presence level on the foliage were S. exigua and P. catullus with 64 and 57% of infestation, respectively. The borers group caused infestations of 92%, while the white grubs group infests 45% of the plants. The pests of amaranth as a whole caused a loss of 65.5% of yield, whereas the pests of foliage and of soil reduce yield by 44.2 and 39.1%, respectively.
